Background: About 12% of patients who have undergone primary anterior cruciate ligament (ACL) reconstruction sustain a contralateral ACL injury within 5 years.
The incidence of anterior cruciate ligament (ACL) injuries in the general population is assumed to be between 32 to 70 per 100,000 people per year. 9 The incidence increases several-fold in sports and is as high as 500 to 8500 per 100,000 participants per year in soccer, 41 which is the main sport in Sweden. It has been reported that 3% will have a contralateral ACL injury within 2 years after the first injury 42 and 11.8% after a minimum duration of 5 years of follow-up. 44 Paterno et al 29 reported that in an active, young population who returned to cutting and pivoting activities after ACL reconstruction, 25.4% sustained a new ACL injury within 12 months. Seventy-five percent of these injuries were to the contralateral knee.
Clinical and patient-reported evaluations do not always correlate, 24 and in recent years, assessments have focused on the ACL-injured patient's self-reported knee function and quality of life using various knee questionnaires. 17, 24, 27, 28, 39 Recently, published systematic reviews showed good patient-reported knee function after primary ACL reconstruction 3 and after nonreconstructive treatment. 25 A recent meta-analysis showed that, overall, 82% of patients had returned to some kind of sports participation, 63% to their preinjury level and 44% to a competitive sport, after a mean follow-up of 41.5 months after unilateral ACL reconstruction. Despite the low rate of return to sports, approximately 85% to 90% of patients had achieved a successful outcome in impairment-based measures of knee function and in patient-reported function. 3 A return to sports is also possible after nonreconstructive treatment. 14, 39 It was not determined from these studies whether a subsequent injury affected a patient's return to preinjury activities.
An ACL injury is a major trauma to young and active athletes. Subsequent additional trauma to the ACL-injured knee has been associated with poor patient-reported outcome. 39 Patients who underwent revision ACL reconstruction reported poorer knee function and quality of life compared with patients who underwent primary ACL reconstruction. 43 To suffer a contralateral ACL injury is another considerable trauma for the patient. To the authors' knowledge, studies evaluating patient-reported outcomes in patients with bilateral ACL injuries are lacking. Therefore, the aim of this study was to investigate patient-reported knee function, quality of life, and activity level in those with bilateral ACL injuries and to compare them with patients who had undergone unilateral ACL reconstruction. Our hypothesis was that patients with bilateral ACL injuries would have lower values on these parameters compared with patients who had undergone unilateral ACL reconstruction.
MATERIALS AND METHODS

Study Design and Patients
The study had a cross-sectional design. All collected data concerned the patients' current situations except the questions about activities performed when they sustained their ACL injuries and before the first and second injuries. Patients were identified through a search of hospital records at 5 orthopaedic clinics in southeast Sweden. Data were collected from September 2010 to March 2011. The inclusion criteria were the following: patients aged between 18 and 45 years at the time of follow-up who visited any of the orthopaedic clinics between the years 2004 and 2009 with a bilateral total ACL injury, verified by arthroscopic surgery, magnetic resonance imaging, or clinical examination by an orthopaedic surgeon. The first ACL injury should have occurred after 1997 (maximum time from injury was 12 years). Patients should also be able to read and understand the Swedish language. Patients were excluded if they had other major activity-limiting disorders, a combined intracondylar fracture, a total rupture of the medial or lateral collateral ligament, or a posterior cruciate ligament injury. Data collected from hospital records included associated injuries to the knees, age at the time of injuries, time interval between injuries, and information about reconstructions or any other surgical or nonsurgical treatment.
A review of hospital records was carried out for 3038 patients with a diagnostic code representing an ACL injury, distortion of the knee, or knee instability, according to the diagnosis system of the 10th revision of the International Statistical Classification of Diseases and Related Health Problems (ICD-10). Of these, 1738 patients (38% female) had a verified unilateral ACL injury, and 147 (7.8% of the population; 38% female) had bilateral ACL injuries (Table 1) . Sixty-four patients were excluded because they sustained their first injury before 1998 (n = 39), they had a partial rupture in either of the knees (n = 20), they had other activity-limiting disorders (n = 3), or the diagnosis of ACL injury was unclear (n = 2). Finally, 83 (45% female) met the inclusion criteria. Sixty-six of the 83 patients (80%) answered the questionnaires, and 63 (76%) participated in the telephone interview (Lysholm knee score, Tegner activity scale, activity at injury and before the second injury).
A group of 182 unilaterally ACL-reconstructed patients who met specific inclusion criteria were extracted from nearly the same cohort for comparison. That cohort is described in a recently published study. 19 The mean age was 28.5 6 8.2 years (42% female), and the ACL reconstruction was performed 2 to 5 years before completing the questionnaires. The study was approved by the regional ethical committee at Linköping University (Dnr2010/10-31), and written informed consent was obtained from all patients.
Data Collection
Four questionnaires were sent to the patients with bilateral ACL injuries included in the study: a study-specific questionnaire, Knee Injury and Osteoarthritis Outcome Score (KOOS), 33 ACL Deficiency Quality of Life (ACL-QOL), 23 and EuroQol index (EQ-5D). 31 Two reminders were sent within 4 weeks to nonrespondents. After consent, 2 further questionnaires were completed via a telephone interview: the Lysholm knee score 40 and the Tegner activity scale. 40 The activity level before the first and second injuries as well as at follow-up was reported. This procedure was chosen to ensure correct data entry on the 2 latter questionnaires because they were not specifically developed for bilateral injuries. Questions about the activities performed when patients sustained their first and second ACL injuries were asked.
The study-specific questionnaire included information about body mass index, occupation, if patients had to change professions or study plans because of their knee/ knees, if patients had other injuries that affected their activity, family history of ACL injury (defined as an ACL injury in the immediate family), the type of activity and activity level before their ACL injuries and currently, any reason for not returning to sports, and satisfaction with their knees and activity level. The patients estimated their current global knee function and satisfaction with their knee function in the first and second injured knees on four 10-point Likert scales ranging from 1 (not satisfied at all) to 10 (very satisfied). They also reported if they were satisfied with their current activity level using the same Likert scale. Symptom satisfaction was measured with the following question: ''If you had to live with your current knee function for the rest of your life, would you feel . . .'' and graded according to a 7-point Likert scale with the following choices: delighted, pleased, mostly satisfied, mixed, mostly dissatisfied, unhappy, and terrible. 7 The KOOS evaluates knee-related problems in 5 subscales: pain, symptoms, activities of daily living, function in sports and recreation, and knee-related quality of life. Subscores are given separately and range from 0 (worst) to 100 (best). The KOOS has been tested for validity in a variety of diagnoses such as osteoarthritis, meniscal injuries, and ACL injuries and is a standardized assessment instrument with good reliability. 32, 33 The Lysholm knee score consists of 8 questions on subjective perception of pain and instability. The score ranges from 0 (worst) to 100 (best), and a score of 95 indicates no knee problem (excellent), 84 to 94 indicates problems during sports (good), 83 to 65 indicates knee problems in sports and sometimes in daily life (fair), and \65 indicates problems in daily life (poor). 17, 40 The Lysholm knee score has good reliability and validity. 4, 22 In the telephone interview, the patients graded both the first and second injured knees, and scores were noted for each knee. For the analysis of the Lysholm knee score, the lower score for either knee was used for each question.
The ACL-QOL is an injury-specific questionnaire evaluating health-related quality of life. It consists of 31 items, 32 in the Swedish version, divided into 5 different subscales: symptoms, physical complaints, work-related Values are given as mean 6 standard deviation unless otherwise stated. ACL, anterior cruciate ligament; BMI, body mass index; BPTB, bone-patellar tendon-bone; HT, hamstring tendon. concerns, physical activity and sport participation, and lifestyle and social concerns. 23 In the original version, patients' responses are reported on a 100-mm visual analog scale (VAS), but the estimate is converted into a 10-point Likert scale in the Swedish version. A higher score represents better quality of life. The Swedish translation has shown good reliability and validity (Kvist, unpublished data, 2006) .
The EQ-5D assesses health-related quality of life. 31 It consists of 2 parts: the EQ-5D descriptive system and the EQ-VAS. The EQ-5D descriptive system comprises 5 dimensions: mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression. Each dimension has a 3-point scale: no problems, some problems, and extreme problems. The scores are presented as different index values ranging from \0 (worst) to 1 (best) elicited from a general population. The United Kingdom's (UK) EQ-5D was used, which is the original for estimating EQ-5D scores. 8 The EQ-VAS records self-rated health on a vertical VAS (0-100), where the end points are ''worst imaginable health state'' (0) and ''best imaginable health state'' (100). The EQ-5D is reliable and valid. 5 The Tegner activity scale assesses activity level and grades activity with regard to knee function on a scale from 0 to 10, where 0 corresponds to the least strenuous activity for the knee and 10 is equal to participation in soccer on a national level. 40 Sports not included in the original Tegner activity scale were graded based on the consensus of an expert group of orthopaedic surgeons, physical therapists, and researchers ( Figure 1 ). The patients reported the kind of physical activity that they participated in before the first injury, before the second injury, and currently, and the researcher noted the appropriate grading on the scale.
For patients who had undergone unilateral ACL reconstruction, the KOOS, ACL-QOL, Tegner activity scale, questions about the type of activity and activity level before their ACL injury and currently, satisfaction with their knee and activity level, and symptom satisfaction were used for comparison with patients with bilateral ACL injuries.
Statistical Analyses
The Statistical Package for Social Sciences version 20.0 (SPSS Inc, Chicago, Illinois) was used for all statistical analyses. Means and standard deviations were calculated for descriptive statistics except for the Tegner activity scale, the Lysholm knee score, and the patients' estimations on a Likert scale in the study-specific questionnaire, where median, range, and interquartile range (IQR) were used. Comparisons of male versus female patients and first versus second injured knees in the bilateral ACL group, as well as comparisons with the patients who had undergone unilateral ACL reconstruction, were made with the Student t test (age, KOOS, ACL-QOL, EQ-5D) and the Mann-Whitney U test (Tegner activity scale, Lysholm knee score, satisfaction with activity level). Proportions (male/female, activity before injury, return to activity and activity level, change in training habits) were compared with the x 2 test. The significance level was set at P \ .05.
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Recreational sports: Walking on even ground, Bridge, Archery, Canoeing, Shooting Work:
Sedentary work (eg, barber, office worker)
0.
Sick leave or disability pension because of knee problems 
RESULTS
Patients With Bilateral ACL Injuries
Thirty-three patients experienced their initial injury to the left knee and 32 to the right, and 1 had both ACL injuries simultaneously. A flowchart of the patients with bilateral ACL injuries and patients' characteristics are summarized in Figure 2 and Table 1 , respectively. The female patients were significantly younger than the male patients when they suffered their first ACL injury (19.0 vs 24.6 years, respectively; P \ .001) and at the time of follow-up (25.8 vs 32.0 years, respectively; P \ .001). Twenty-eight (42%) patients were 18 years old when they sustained their first ACL injury, and 29 (44%) sustained their second injury within 2 years from either the first injury (n = 10) or reconstruction (n = 19). The mean time between reconstruction of the first injury and the second injury was 36.8 6 24.2 months (Table 2) . Ten patients had isolated ACL tears in both knees without any concomitant injuries. In 6 knees, where the diagnosis was confirmed with clinical examination, associated injuries were not known. Seventeen (26%) had a family history of ACL injuries.
There were no significant sex differences in scoring on the KOOS, Lysholm knee score, EQ-5D, ACL-QOL, Tegner activity scale, or patients' satisfaction with their knee function and level of activity (P . .05). Therefore, the following results are presented for the whole group. Six patients underwent ACL reconstruction or revision within 12 months before follow-up (5-6 months, n = 2; 7-12 months, n = 4). The rehabilitation period after ACL reconstruction usually lasts about 6 to 12 months; therefore, those patients may still have been rehabilitating. An analysis performed without these 6 patients showed no differences in overall results; therefore, they were included in the study analyses.
Knee Function and Quality of Life
Thirteen patients (20%) had to change their plans for work or studies because of their ACL injuries. The current median Lysholm knee score was 82 (range, 34-100; IQR, 71-94). Fourteen (22%) patients had excellent (95), 15 (24%) good (84-94), 24 (38%) fair (83-65), and 10 (16%) poor (\65) results. Results are summarized in Table 3 .
Activity Level
The activity level according to the Tegner activity scale is presented in Figure 3 and Table 3 . Fifty-six (85%) patients were active in contact sports such as soccer, basketball, handball, floorball, and ice hockey before the first injury, 46 (67%; 2 missing answers) before the second injury, and 12 (18%) at follow-up. Forty-eight (75%; 2 missing answers) patients returned to their preinjury activity before the second injury. Fifteen patients (23%) reported that they had returned to their previous activity at follow-up, with 8 (12%) at the same activity level as before their ACL injuries. The most common reasons why patients had not returned to their previous activities were reduced function of the knee or knees (38%), a sense of not trusting the knee or knees (23%), fear of reinjury (19%), a family situation (8%), a work situation (8%), team/training had changed (eg, not the same coach or team mates) (2%), or other (2%). At Confirmed by arthroscopic surgery (n = 8), magnetic resonance imaging (MRI) (n = 1), and clinically (n = 1).
follow-up, 61 patients (92%) had changed their training habits because of their knee injuries.
Comparisons With Patients Who Had Undergone Unilateral ACL Reconstruction
The patients who had undergone unilateral ACL reconstruction were comparable with the patients with bilateral ACL injuries in age and sex distribution (P . .05). Patients who had undergone unilateral ACL reconstruction reported higher scores in the KOOS subscales of pain, sports and recreation, and quality of life and also the ACL-QOL (P \ .05) ( Table 3 and Figure 4) . Compared with patients with bilateral ACL injuries, the patients in the unilateral ACL-reconstructed group had returned to their previous activity at follow-up to a higher degree (43%; P = .004), had returned more often at the same activity level as before the ACL injury (28%; P = .01), and had changed their training habits because of their knee injury to a lesser degree (77%; P = .005).
DISCUSSION
Patients with bilateral ACL injuries had impaired selfreported knee function, quality of life, and activity levels up to 12 years after their first injury. They had changed their activities and activity levels mainly because of reduced knee function. The return to their preinjury activity and activity level at follow-up, that is, after the second injury, was lower compared with patients who had undergone unilateral ACL reconstruction. Patients with bilateral ACL injuries had a high activity level before the Thirty-nine missing answers for unilateral ACL-reconstructed patients (n = 143).
f Two missing answers in all the 5 subscales for bilateral ACL-injured patients (n = 64), and for unilateral ACL-reconstructed patients there were 2, 5, 3, 8, and 6 missing answers in each subscale, respectively. g n = 63. h Two missing answers in all the 5 subscales for bilateral ACL-injured patients (n = 64); 10 missing answers for unilateral ACLreconstructed patients (n = 172).
second injury, which may be one reason for incurring a contralateral ACL injury. 38 Patients with bilateral ACL injuries in the present study reported low quality of life in all 3 questionnaires used. On the KOOS subscales for pain, sports and recreation, and quality of life and on the ACL-QOL, they scored significantly lower compared with patients who had undergone unilateral ACL reconstruction in comparisons in the present study and also scored lower compared with previously published results. 12, 13, 17, 24, 27, 28, 39 The results were similar to those of patients who had undergone ACL revision at a median follow-up of 6 years, but the patients with revision seem to have worse results in some subscales 21 ( Figure 4 ). Health-related quality of life was also worse in our patients with bilateral ACL injuries (UK EQ-5D, 0.77; EQ-VAS, 75.5) compared with a general Swedish population aged 20 to 40 years (UK EQ-5D, 0.88-89; EQ-VAS, 88-90), 6 a soccer population (UK EQ-5D, 0.90; EQ-VAS, 81) (Olsson and Kvist, unpublished data, 2012), and patients who had undergone unilateral ACL reconstruction at 1 to 5 years' follow-up after surgery (UK EQ-5D, 0.80-3; EQ-VAS, 77.2-78.9). 9 Minimal clinically important differences for the instruments have been suggested: KOOS, 8-10 points 32 ; ACL-QOL, 10-15 points (for the 0-100 scale) 23, 28 ; UK EQ-5D, 0.08; and EQ-VAS, 8-12. 30 Swirtun and Renstrom 39 reported that, for patients with an ACL-injured knee, the main reason for a poor outcome in the KOOS was additional subsequent trauma. Thus, incurring 2 ACL injuries, often during a short time period, is likely to have a negative effect on the overall satisfaction with knee function and quality of life.
According to the Lysholm knee score, only 46% of our patients had good or excellent results (ie, 84). Kostogiannis et al 17 found that 92% and 78% of patients with unilateral ACL injuries treated without reconstruction had good or excellent results in the Lysholm knee score at 3 and 15 years' follow-up, respectively. For ACL-reconstructed patients, the mean or median Lysholm knee score was usually reported to be greater than 90 at a follow-up of 5 to 16 years postoperatively. 12, 15, 24 Wright et al 43 reported a low mean Lysholm knee score of 82 for patients who had undergone ACL revision, with a pooled mean follow-up of 5.4 years, similar to the results for patients with bilateral injuries in the present study. The patients who had undergone unilateral ACL reconstruction in the comparisons did not complete the Lysholm knee score and EQ-5D. Our patients with bilateral ACL injuries had a high preinjury activity level, and many were involved with cutting and pivoting activities. Most of them (75%) returned to their preinjury activities, and two thirds had returned to contact sports before the second injury. This is a high rate of return to sports that was significantly higher compared with patients who had undergone unilateral reconstruction and compared with a previous review stating that about 66% of patients return to their previous activity level and 44% to competitive sports after unilateral ACL reconstruction. 3 Another review reported that nonreconstructed ACL-injured patients dropped from a pooled mean Tegner activity scale score of 7.1 to 5.6, which corresponds to a 21% reduction in activity, at a follow-up of 12 to 66 months after injury. 25 A return to a high activity level after an ACL injury is the most important risk factor in sustaining a contralateral injury. 38 About two-thirds of our patients incurred their second ACL injury while performing the same activity as when sustaining their first injury, most commonly soccer. Only 18% returned to contact sports after their second ACL injury. Fear of reinjury, negative emotions, and low confidence in their ability are factors associated with not returning to sports. Interestingly, the proportion of patients with bilateral ACL injuries who indicated fear of reinjury as a reason not to return to previous activities was similar to patients with a unilateral ACL-reconstructed knee 18 and not increased, as might be expected.
Similar to the majority of previous studies on patients who underwent unilateral ACL reconstruction, 16 ,24,28 we could not find any sex differences in patient-reported knee function, quality of life, and activity level for patients with bilateral injuries. However, some studies demonstrated sex differences in which female patients reported worse KOOS values than male patients. 1, 39 Female patients were 5 years younger when sustaining their first ACL injury, which is in accordance with other studies on soccer players. 41 The proportion of male:female patients was equal in this study. Shelbourne et al 35 found that female patients suffered more contralateral ACL injuries than male patients and that the incidence was associated with being younger than 18 years at the initial injury. Similarly, Paterno et al 29 showed that female patients aged 10 to 25 years had 6 times a higher risk of a contralateral injury than male patients. Other studies found no sex differences in the incidence of a contralateral injury. These discrepancies may be caused by the age difference between the patients in the studies. 34, 37, 42 The patients in the present study were reconstructed in different orthopaedic clinics, with different surgical methods and different rehabilitation protocols. Thus, the results are likely to represent the general outcome after bilateral ACL injuries, which can be considered a strength of this study. However, some limitations of the study should be acknowledged. First, none of the questionnaires used were developed specifically for bilateral ACL injuries. However, many questions assess function, for example, the EQ-5D and the quality of life, activities of daily living, and sports and recreation subscales of the KOOS, and are not side specific. Another limitation is that patients had to recall their activity and activity level retrospectively, which could be up to 12 years ago, and recall error cannot be ruled out. Activity level also decreases with age 2 because of factors other than ACL injury, such as ability, motivation, and lifestyle changes. In the present study, 20% of patients reported that they did not return to their previous activities for reasons other than the ACL injuries. The study group was quite small and heterogeneous. Some patients had graft ruptures and revisions. The purpose of the study was to describe patients with bilateral ACL injuries irrespective of whether they were reconstructed or not, and we did not analyze subgroups because of the limited sample. However, patients with bilateral ACL injuries comprise a small and heterogeneous group that is increasing in number, 9 and this particular ACL population has not been described previously in the literature.
Our data included a few ACL injuries that were verified only clinically. Studies have shown that if the clinical examination of the knee joint is performed after the acute phase without hemarthrosis and by an orthopaedic surgeon, it is highly predictive of an ACL injury. 36 However, many ACL injuries in patients with rotational knee trauma are missed if they are not followed up, and the incidence of ACL injuries is probably higher. 10 Another limitation of a clinical examination is that associated injuries are not reported, and the possible influences of any associated injuries of the knee on the results of the patient-reported outcomes are unknown. In this study, most patients did not have isolated ACL injuries. It is very common that associated injuries to the articular surface, meniscus, and medial collateral ligament occur with an ACL injury. 15, 17 Previous studies show that associated injuries can lower self-reported outcomes, 26, 27 but other studies have not shown any difference in patient-reported outcomes between associated or isolated ACL injuries. 17, 39 Furthermore, the aim of the study was not to differentiate between patients with isolated or associated ACL injuries.
CONCLUSION
Patients with bilateral ACL injuries had impaired patientreported knee function, quality of life, and activity levels up to 12 years after their first injury. They changed their activities and activity level mainly because of reduced knee function, and they were dissatisfied with their activity level. The rate of return to their previous activity after the second injury was lower compared with patients who had undergone unilateral ACL reconstruction. Patients with bilateral ACL injuries had a high activity level before their first and second ACL injuries, which may be one reason for incurring a contralateral ACL injury.
